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Description 



compounds. M rhr,n«ifltion of olef inically or acetylenkally unsaturated corn- 

Many processes are too^m the art for the ^ 

pounds.Areview of such processes is P^*? ^i,^^' "nvolve the reaction of an olefinically or 
Verlag, Berlin Heidelberg New York, 1980. Typ.cally the processes '™'^ e nucleophilic 
acetyLcally unsaturated compound with carbon ^^"^^ system . In many 

Ph °On h rt e ype of cataiyst system which has been disc.osed in recent years comprises a source of a Group V... 
metal and a pyridyl phosphine. Transactions 1980, pages 55 to 58 disclose 

carbonylation of hex-1-ene. A1-0259914 discloses catalyst systems comprising a 

to afford polymers. niimKftr pp A 1 0271144 discloses the use of catalyst systems 

sses r- .» ... — - — « 

hydroxyl-containing compounds. 0282142 discloses the use of catalyst systems 

S>S W» comprising sort* (*^ l »»- sute ^£^ 

40 a) a source of a Group VIII metal, and 
b) a polyphosphine of general formula: 
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and 

each of A, X and 2 is independently selected from a nitrogen atom, a CH group, a group of formula C- 
PR 2 with R being defined as hereinbefore, and a group of formula CR' , wherein R' represents a hydroxyl 
5 group, an amino group, an amido group, a cyano group, an acyl group, an acyloxy group, a halogen atom, an 
optionally substituted hydrocarbyl group, an optionally substituted heteroaryt group or an optionally substituted 
hydrocarbyloxy group, it also being possible for two adjacent CR' groups to form a ring; or an acid addition salt 
thereof. 

Catalyst systems comprising a source of a Group VIII metal and a polyphosphine of general formula (I), 
w or a salt thereof, have been found to afford the carbonylation of propyne to proceed at a rate as high as 1 00,000 
moles of converted propyne per gram atom of palladium per hour at a reaction temperature of 45 °C. Moreover, 
excellent conversion rates could be obtained using a catalyst system having a relatively low ratio between the 
polyphosphine and palladium. Besides, the present catalyst system has been found to afford beta-carbonylated 
products from alpha-unsaturated hydrocarbons, such as propyne with very high selectivity of 99.9 % and 
15 above. 

Without wishing to be bound by theory, it is believed that sterical constraint due to the N-aromatic six- 
membered ring, precludes the polyphosphine of general formula (I) from coordinating to a single Group VIII 
metal atom in a P,P-bidentate mode. Accordingly, it is surprising that the present catalyst systems are effective 
when comprising lower ratios of phosphine ligand to palladium as compared with other monodentate phosphine 
20 iigands. It is further believed that the second phosphino group exerts a steric effect during the carbonylation 
of alpha-unsaturated compounds, thereby favouring the formation of beta-carbonylated products. 

Polyphosphines of the general formula (I) may be thought as derived from an N-aromatic six-membered 
ring having at least one nitrogen ring atom adjacent to two carbon atoms each carrying a phosphino substituent. 
Examples of N-aromatics constituting a suitable ring core for the polyphosphines of general formula (I), include 
25 pyridine, pyrimidine, pyrazine, isoquinoline, 1 ,3,5-triazine, 1,2,4-triazine, and quinazoline. 

A preferred example is pyridine, i.e. in formula (I), each of X, Z, and A is independently selected from a 
CH group and a group of formula CR'. Further preferred examples include pyrimidine and 1 ,3,5-triazine, es- 
pecially when being substituted with three phosphino groups at the 2-, 4-, and 6-positions, i.e. in formula (I), 
at least one of X and Z is nitrogen, and A is a group C-PR 2 . 
30 When reference is made in this specification to an optionally substituted group, generally the group may 
be substituted with one or more, for example one, two or three, substituents selected from a halogen atom, 
an alky] group, an aryl, a haloalkyl group, an alkoxy group and a haloalkoxy group. 

Where reference is made to an amino group, it preferably means the group NH 2 or an alkyl or dialkylamino 
group. 

35 An acyl group may be, for example, an alkanoyl group such as acetyl. 

An amido group may be, for example, an acylamino group such as acetamido. 

A ring formed by two adjacent CR' groups is preferably an optionally substituted hydrocarbyl ring, for ex- 
ample an optionally substituted phenyl ring. Examples of N-aromatics having two adjacent CR' groups which 
form a ring are isoquinoline and quinazoline. 
40 When reference is made to an optionally substituted hydrocarbyl or hydrocarbyloxy group, the hydrocarbyl 
moiety preferably represents an alkyl group, a cycloalkyt group or a phenyl group. 

An alkyl group preferably has up to 20 carbon atoms, more preferably up to 12 carbon atoms, especially 
from 1 to 4 carbon atoms. For example an alkyl group may be a methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
iso-butyl or tert-butyl group. 
45 Acycloalkyl group preferably has from 3 to 6 carbon atoms. 

A halogen atom preferably means a fluorine, chlorine or bromine atom. 

An aryl group is preferably a phenyl or naphthyl group. 

A heteroaryl group may be derived from any of the afore-mentioned N-aromatics, but may also comprise 
other hetero atoms such as oxygen, and/or be a five- or seven-membered ring. 

50 A heteroaryl group may specifically be a radical derived from a compound of above general fomuia (I) by 

abstraction of a hydrogen atom from any CH group represented by A, X, or Z. When such a heteroaryl group 
is represented by R, the above formula (I) represents oligomeric compounds comprising chains of repeating 
phosphino pyridyl moieties interconnected by bridging phosphino groups, as in bis[6-(diphenylphosphino) 2- 
pyridylj phenyl phosphine or 2,6-bis([6-(diphenyl phosphino) 2-pyridyl] phenyl phosphino) pyridine. When such 

55 a heteroaryl group is represented by R', the above formula (I) represents bi-heteroaryl compounds carrying 
at least four phosphino substituents, as in 4,4'-bi[2,6-bis(diphenylphosphino) pyridyl]. 

Preferably each group R' is independently selected from a halogen atom, a C^ alkyl group and a C^ al- 
koxy group. More preferably, each group R' represents a C^ alkyl group. 
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Phe ;Xefera b .y, the po*phos P hine of genera, formula (.) is a ^(dihydrocarby.phosphino) pynd,ne. 
especially a 2,6-bis(diarylphosphino) P^f; 2 6_ bte(di p h enylpho8phino) pyridine, 2.6-bis(di-p- 

Examples of polyphosphines .of general formula « ^ 2 P 6 . bi y s(dicyc | 0 hexylphos P hino) pynd.ne, 
to.ylphosph.no) pyridine, phosphino) pyridyfl. 2>bis(diphen*- 

2,6-bis(di-p-methoxyphenylphosph l no W**^^^^, 1>3 -bis(diphenylphosphino) isoqu.nol.ne, 
phosphino) pyrazlne. 2.2^3 ^.^ 

3S5£JS^ ^(diphenylphosphino) py—e. 

an<j 2,4,6-tris(diphenylphosphino) pyrimidine. salts wjth su |p huri c acid; 

Preferred acid addition salts of the ^^^^^ such as an optionaily substituted ar- 
a sulphonic acid. e.g. an optionally subsumed Mr^ar^lpho naphthalenesu l P honic acid, an op- 

y ,sulphonic acid, e.g. benzenesulphon.c ^J"*E5"1> acjd> e . g . methanesulphonic acid or t-butyl- 
Lally substituted alkylsul phonic ac.d acW, trifluorometha- 

sulphonic acid, or a substituted alkyl ^^^^7. p ho sphonic acid, e.g. orthophosphonic ac.d 
nesulphonic acid, chlorosulphon.c acd or f e.g. chloroacetic acid, dichloroacetic acd. 

"^eso^ 

The catalyst system according to the r^^^SSlto element or a compound of the Group 

v,,,rrs^^ 

carboxylic acids such as alkane carboxyhc '^^^^ above in relation to the formation 
hydrohalic acids. Other examples of sa»e are nce halide ions can be corrosive, salts 

■ of acid addition sails by the ^^^^J^SL of Group VII. metals include complexes, 
of hydrohalic acids are not preferred. Othe [^^J^^, ph os P hines (e.g. a phosphine of gen- 
such as complexes with beta-carbonyl ^ff^^^Z^ 0 f a Group VIII metal may be palladium 

me J and the particular reactants to * the ran 9 e * 1 * ^ A ^ 

,0 phosphine of general formula (I) per gram ato m o Group vni m ion rates at economic use 

the range of from 2 to 20 is P^'^^ta as aP-monodentate ligand, these 
of the polyphosphine ligand. As he P° VP^ne (|) whetner uprising two or more 

ratios refer to the number of moles of ^Z^*£££ . plurality of phosphino-substituted N-ar- 
phosphino groups. Of course compounds of «™J*^* formula (I) as indicated above, may 

omatic moieties in case R and/or R 3S ran be used at a lower ligand to metal ratio, 
coordinate to a plurality of Group VII meta ^ B ^J^SS comprises a protonic acid. The function 
The catalyst system according to the ^ may also provide a source of anions 

of the protonic acid is to provide a source of r'f^JTESSon of propyne, which complex is 
for the palladium complex catalytically ^^ZTJ^^^^ to the palladium cation 
believed to be of a cationic nature. Preferred an ons are weawy or^ h ^ ^ ^ „ c) 

and accordingly preferably derived from a ^J^^^tZpl. by interaction of a Lewis acid 
The protonic acid may be added as such " ^"^^^^^ 

such as BF 3 , AsF 5 . SbF 5 . PF S , TaF 6 or NbF, ^^JJSrtTh the preparation of methyl methacrylate. 
water or an alkanol. such as methanol be.ng on ^^^eVrJ^io the formation of acid addition 
Preferably the protonic acid is one of ^e reW to he an acjdic ion excha nge resin, 

reira^ acw derivasve suoh as HlB(02W or 
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formula (I), inevitably comprises a protonic acid. 

When the catalyst system comprises a protonic acid, the ratio of the number of equivalents of protonic 
acid per equivalent of polyphosphine of general formula (I) may vary over a wide range. The optimal ratio of 
5 protonic acid to polyphosphine of general formula (I) will depend upon the particular reaction in which the cat- 
alyst composition is to be used. Conveniently the number of equivalents of protonic acid per equivalent of poly- 
phosphine of general formula (I) will be in the range of from 0.1 to 50, preferably from 0.5 to 5. 

The catalyst system according to the invention is conveniently constituted in a liquid phase. The liquid 
phase may be formed by one or more of the reactants with which the catalyst system is to be used. Alternatively, 
10 it may be formed by a solvent It may also be formed by one of the components of the catalyst system. 

The catalyst system according to the invention may be homogeneous or heterogeneous. Most preferably 
it is homogeneous. 

The catalyst system according to the invention may be generated by any convenient method. Thus it may 
be prepared by combining a Group VIII metal compound, a polyphosphine of general formula (I) and, if appro- 
15 priate, a protonic acid, in a liquid phase. Alternatively, it may be prepared by combining a Group VIII metal com- 
pound and an acid addition salt of general formula (I) in a liquid phase. Alternatively, it may be prepared by 
combining a Group VIII metal compound which is a complex of a Group VIII metal with a polyphosphine of gen- 
eral formula (I), and if appropriate, a protonic acid, in a liquid phase. 

As has been stated above, 2,6-bis(diphenylphosphinoj pyridine has been disclosed in Newkome et al , J. 
20 Org. Chem., 43, 947 (1 978). The other polyphosphines of general formula (I) are believed to be novel. 

The polyphosphines of general formula (I) may be prepared by a process which comprises reacting a com- 
pound of the general formula: 
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in which M represents either a metal atom or a leaving atom or group, with two or three equivalents of an ap- 
propriate compound of general formula M'-PRR (IV), in which M' represents either a leaving atom or group, or 
a metal atom, optionally followed by forming an acid addition salt. It will be appreciated that when M represents 
55 a metal atom, the appropriate compound of general formula (IV) is one wherein M' represents a leaving atom 
or group. Similarly, when M represents a leaving atom or group, the appropriate compound of formula (IV) is 
one wherein M' represents a metal atom. The reaction between the compound of formula (II) or (III) and the 
compound of formula (IV) may conveniently be effected in the presence of a solvent such as liquid ammonia, 
a hydrocarbon, or an ether at a temperature in the range of from -80 to 100 °C. 
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•h.irbo n yi...n.».yian^ 

Aborting to another aspea the marten ^.^l^fn To.l^a*all» or oteflroc* onoalu-atad 

bond., lor exampt. CM, two or three .o.tylenio or olefin. „ acyl groil p 

An olefin or acetytefie may be tdibsttrtrtetl by, tor "?^^£«*£5no, en elkoxy s ™p .ooh 
»oh..ao.tyl..nao»lo*» S ,»,p.^ 

may be converted htoalpl^ 1-pentyne, 1-hexyne, 

^Si^rrrane, propane, pbanytorhene, 1-bo.on .. 2-brrtena. ,-p.n** Umm 1- 

cloalkanol or a phenol. One or more hydroxy! 9™***» J 6 ^ 8 "^ of alkanol8 include methanol, ethanol, 

,r^a^=^ 

stituents, such as those named in connect™ wrth the acetylenu* y thow> containing up to 20 

4 ThaeSnl,to<h.<.»Wy.<^^ 
. bonyWIon ol alpha acetylee** with hydroxyt-conta-rini ran ^ u "°»- 

orocess for the preparation of an 

Accordingly, to a preferred aspect, th«^-£*J 2" an alpha acetylene with carbon mon- 
""In" Crocestthe carbonylation cata,yst is preferably a pal.adium cata.yst as described above, nameiy 
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a catalyst which comprises: 

a) a palladium compound, 

b) a polyphosphine of general formula (I), and 

c) a protonic acid. 
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It is not essential to use a separate solvent in the process according to the invention. 

A large excess of the product or of one of the reactants, for example an alcohol, can often form a suitable 
liquid phase. In some cases, however, it may be desirable to use a separate solvent. Any inert solvent can be 
5 used for that purpose. Said solvent may, for example, comprise sulphoxides, sulphones, aromatic hydrocar- 
bons, esters, ketones, ethers and amides. 

The process according to the present invention is conveniently effected at a temperature in the range of 
from 10 °C to 200 °C, in particular from 20 °C to 130 °C, more preferably 25-80 °C. 

The process according to the invention is preferably effected at a pressure of from i to 70 ban Pressures 
10 higher than 1 00 bar may be used, but are generally economically unattractive on account of special apparatus 
requirements. 

The molar ratio of the hydroxyl-containing compound to the unsaturated hydrocarbon may vary between 
wide limits and generally lies within the range of 0.01:1 to 100:1. 

The quantity of the Group VIII metal is not critical. Preferably, quantities are used within the range of 
15 1 0- 7 to 1 0" 1 gram atom Group VIII metal per mol of unsaturated compound. 

The carbon monoxide required for the process according to the present invention may be used in a prac- 
tically pure form or diluted with an inert gas, for example nitrogen. The presence of more than small quantities 
of hydrogen in the gas stream is undesirable on account of the hydrogenation of the unsaturated hydrocarbon 
which may occur under the reaction conditions. In general, it is preferred that the quantity of hydrogen in the 
20 gas stream supplied is less than 5 vol%. 

The selectivity towards alpha.beta-olef inically unsaturated compounds, expressed as a percentage, is de- 
fined as 

(a/b)x100 

wherein "a" is the quantity of acetylenically unsaturated compound converted into alpha,beta-olefinically un- 
25 saturated compound and "b" is the total quantity of acetylenically unsaturated compound that has been con- 
verted. 

The invention will now be illustrated by the following Preparation and Examples. 
Unless otherwise stated, the allene content of any propyne used in the following examples was less than 
50 ppm. 

30 

Preparation of 2,6-bis(diphenylphosphino) pyridine 

To an effectively stirred solution of 13.1 g of triphenylphosphine (50 mmol) in 150 ml of dry THF under an 
argon atmosphere was added 0.75 g of lithium metal (107 mmol). When the reaction was complete after 2 hr, 

35 as established by 31 P NMR, the excess lithium was removed. Subsequently the dark brown solution was cooled 
to 0 °C. Thereupon, an amount of 3.4 g of tert-butanol (45.8 mmol) equivalent to the phenyl lithium present, 
was added, whereby the temperature increased to about 15 °C. Subsequently, 3.52 g of 2,6-dichloropyridine 
(23.8 mmol) was added, and the temperature was allowed to rise. The mixture obtained was worked up by 
distillation of THF at reflux and atmospheric pressure, vacuum drying, addition of 50 ml of 3M aqueous am- 

40 monium chloride solution and 50 ml of dichloromethane, phase separation, washing, filtration of the combined 
organic phases, vacuum concentration, and recrystallization from boiling hexane. After cooling to ambient tem- 
perature 7.8 g of white crystalline 2,6-bis(diphenylphosphino) pyridine (yield 73.4 %, purity 97.5%) was col- 
lected by filtration. 

45 Example 1 

A 250 ml magnetically stirred stainless steel autoclave was successively filled with 0.025 mmol palla- 
dium(ll) acetate, 1 mmol 2,6-bis(diphenylphosphino) pyridine, 1 mmol methanesulphonic acid, and 50 ml me- 
thanol. Air was evacuated from the autoclave, whereupon 30 ml propyne was added. Subsequently, carbon 
50 monoxide was added to a pressure of 60 bar. The autoclave was sealed and an exotherm was observed heating 
the reaction mixture to an average temperature of 45 °C over the reaction period. After completion of the re- 
action by depletion of propyne, a specimen of the contents was analysed by means of gas liquid chromatog- 
raphy. The selectivity of the conversion of propyne to methyl methacrylate was found to be 99.92 % while the 
mean conversion rate was calculated to be above 100,000 mol propyne per gram atom pall adium^ per hour. 

55 

Example 2 

The experiment as described in Example 1 was repeated in substantially the same manner with a catalyst 
system composed of 0.025 mmol palladium(ll) acetate, 0.25 mmol 2,6-bis(diphenylphosphino) pyridine, and 
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of 50,000 mol/gat Pd/hour was calculated. 
Examples 3 to 4 and Comparativ e Examples A to B 

parison, 2-diphenylphosph.no pynd.ne (2- PN), J£ , ?T*JJJ ton rate was calculated from the change of 

is achievable using the polyphosph.ne Ugand ^ ™ ™ pNp to lladium ratto could be lowered to 

,adium of 10:1. From Example 3. it w, M^taMM t£2JPN ^ ^ ^ ^ ^ 

5:1 with still good prcpyne _converston of P palladium per hour resulted in a convers.cn 

Table 1 

I „i 1 ,ri- o| SB Methanol fnro Methyl nethacrylate 

E^T Acid Selectivity Mean Conversion 

(«ol) C-ol) <•> Rate (m<>1 Pr ° P * 

yne/gat Pd/hour) 
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35 



2,6-PNP CH 3 S0 3 H 
(0.125) (0.125) 



99.92 



3,000 



40 



2,6-PNP 
(0.25) 



CH 3 S0 3 H 
(0.25) 



99.92 



5,000 



45 



2-PN 
(0.25) 



CH 3 S0 3 H 
(0.25) 



99.3 



< 500 



50 



55 



CH 3 S0 3 H 



99> 



1,000 



2-PN 

rn (0.25) 
Note: 0.025 mmol Pd(0Ac) r 30 ml propyne, 50 ml methanol, 60 
bar CO, 22 °C. 
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Example 5 

The method of Example 3 was repeated using a catalyst system composed of 0.025 mmol palladium(ll) 
5 acetate, 0.25 mmol 2,6-bis(diphenylphosphino) pyridine, and 1 mmol BF 3 .Et 2 0, from which the protonic acid 
H + BF 3 (CH 3 0r is formed in situ by reaction with methanol. Upon a reaction time of 3 hours at 25 °C, a propyne 
conversion rate of 2700 mol/gat Pd/hour, and a selectivity to methyl methacrylate of 99.92 % were observed. 



Example 6 



10 



A 250 ml magnetically stirred stainless steel autoclave was successively filled with 0.025 mmol palla- 
dium(ll) acetate, 0.25 mmol 2,6-bis(diphenylphosphino) pyridine, 0.25 mmol met hane-sul phonic acid, 30 ml 
phenylethyne and 30 ml methanol. Air was evacuated from the autoclave, whereupon carbon monoxide was 
added to a pressure of 60 bar. The autoclave was sealed and an exotherm was observed heating the reaction 
15 mixture to an average temperature of 32 °C over the reaction period. After a reaction time of 0.5 hour, a spe- 
cimen of the contents was analysed by means of gas liquid chromatography. The selectivity of the conversion 
of propyne to methyl 1-phenylacrylate was found to be 99.93 % while the mean conversion rate was calculated 
to be 20,000 moi propyne per gram atom palladium per hour. 

20 

Claims 

Claims for the following Contracting States : BE, DE, FR, GB, IT, NL 

25 1. A catalyst system, which comprises 

a) a source of a Group VIII metal, and 

b) a polyphosphine of general formula: 
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in which 

each R is independently selected from an optionally substituted alkyl, cycloalkyl, aryl or heteroaryl 
45 group; and 

each of A, X and Z is independently selected from a nitrogen atom, a CH group, a group of formula 
C-PR 2 with R being defined as hereinbefore, and a group of formula CR\ wherein R' represents a hydroxyl 
group, an amino group, an amido group, a cyano group, an acyl group, an acyloxy group, a halogen atom, 
an optionally substituted hydrocarbyl group, an optionally substituted heteroaryl group or an optionally 
so substituted hydrocarbyloxy group, it also being possible for two adjacent CR' groups to form a ring; 

or an acid addition salt thereof. 

2. A catalyst system as claimed in claim 1 , wherein at least one of X and Z is nitrogen, and A is a group C- 
PR 2 . 

55 

3. A catalyst system as claimed in claim 1, wherein each of X,Z, and A is independently selected from a CH 
group and a group of formula CR'. 

4. A catalyst system as claimed in any one or more of claims 1-3, wherein each group R' is independently 
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a c A aikvi group and a C,-, alkoxy group, 
elected from a halogen atom, a c,-» aixyi giuup 

, laima 1 4 wherein each group R independently rep- 
5 A cataiyst system as claimed in any one or more of cla,ms 1-4. where.n 
TeSnts an optionally substituted phenyl group. 

■= a compound of palladium. 

,s a compu b of moles of polyphos- 

3 *. SS5255-'— - — " da ™ - 

carbon monoxide and methanol. 
Claims for the following Contracting State : ES 

« 1 Ap roce S sforprepanngacatalystsystem,whichcomprise S combining 
" a) a source of a Group VIII metal, and 
b) a polyphosphine of general formula: 
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an optionally substituted hydrocarbyl group, an optionally substituted heteroaryl group or an optionally 
substituted hydrocarbyl oxy group, it also being possible for two adjacent CR' groups to form a ring; 
or an acid addition salt thereof. 

2. A process as claimed in claim 1 , wherein at least one of X and Z is nitrogen, and A is a group C-PR 2 . 

3. A process as claimed in claim 1 , wherein each of X,Z, and A is independently selected from a CH group 
and a group of formula CR*. 

4. A process as claimed in any one or more of claims 1-3, wherein each group R' is independently selected 
from a halogen atom, a alkyl group and a C,^ alkoxy group. 

5. A process as claimed in any one or more of claims 1-4, wherein each group R independently represents 
an optionally substituted phenyl group. 

6. A process as claimed in any one or more of claims 1-5, wherein the source of a Group VIII metal is a com- 
pound of palladium. 

7. A process as claimed in any one or more of claims 1-6, wherein the number of moles of polyphosphine 
20 of general formula (I) per gram atom of Group VIII metal is in the range of 1 to 50, more preferably in the 

range of 2 to 20. 

8. A process as claimed in any one or more of claims 1-7, wherein a protonic acid is present in an amount 
in the range of from 0.5 to 5 equivalents per equivalent of polyphosphine of general formula (I). 

25 

9. A polyphosphine of general formula (I) as prepared by the process of claim 1 , or an acid addition salt there- 
of, except for 2,6-bis(diphenylphosphino) pyridine. 

10. Use of a catalyst system as defined in claim 1 in the carbonylation of an acetylenically of ethylenically 
unsaturated hydrocarbon. 

11. A process for the preparation of an alpha, beta-olefinically unsaturated compound, which comprises re- 
acting an alpha acetylene with carbon monoxide and a hydroxyl-containing compound in the presence 
of a carbonylation catalyst system as defined in claim 1. 

35 12. A process as claimed in claim 11, wherein the carbonylation catalyst system comprises: 

a) a palladium compound, 

b) a polyphosphine of general formula 1, as defined in claim 1, and 

c) a protonic acid. 

40 13. Aprocess as claimed in claim 11 or 12, wherein methyl methacrylate is prepared by reacting propyne with 
carbon monoxide and methanol. 
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Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : BE, DE f FR, GB, IT, NL 



1. Ein Katalysatorsystem, welches umfaBt 

a) eine Quelle fur ein Metall der Gruppe VIII, und 
50 b) ein Polyphosphin der allgemeinen Formel 
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R - P N P " R 



(I) 
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oderein Saureadditionssalz davon, ahlt einerfleaebenerrfallss^^ 

inwelcher Forme. jedesRunabhang-gausgewahU^ 

loalkyl-.Aryl-c^erHeteroary^ 

stoffatom. einer CH-G-Ppe e ner ^^^^SS^ eine Amidogruppe. eine 
Gruppe der Formal CR, wobe. R & " e W a ™™ u ™ ' looenatom e ine gegebenenfalls substituierte 
Cyanogr U p P a.eineAcy^^ 

Kohlenwasserstoffgruppe.e.negegebenenfa^ y 8 I PP ^ benachbarte 

substituierte KoWenwasserstoffoxygruppe darstellt, wobei es aucn mog 

CR-Gruppen einen Ring bilden. 
2 . Ein Kata.ysatorsys.em wie in Anspruch 1 beansprucht. in welchem mindestens eine der Gruppen X und 

Z Stickstoff ist und A eine Gruppe C-PR 2 »st. 
3 Ein Kataiysatorsystem. wie in Anspruch 1 beansprucht in welchen, , jede der gruppen X Z und A unab- 

hingig ausgewahlt ist aus einer CH-Gruppe und einer Gruppe der Formel CR . 

4 . EinKataiysatorsystem.wieine^ 

Gruppe R unabhangig ausgewahlt ist aus e.nem Ha.ogenatom, e.ner c« Aixy.gr PP 

oxygruppe. 

5 Ein Kataiysatorsystem, wie in einem oder mehreren der Anspruche 1 bis 4 beansprucht, in welchem jede 
5 " R unabntng^ eine gegebenenfaHs substituierte Phenyigruppe darstellt 

6 Ein Kataiysatorsystem, wie in einem oder mehreren der Anspruche 1 bis 5 beansprucht, in we.chem die 
Queues MeSls der Gruppe VIII eine Verbindung von Pal.ad,um ,st. 

• • • a~ mD hr B ron der AnsDrOche 1 bis 6 beansprucht, in welchem die 
7. Ein Kataiysatorsystem, wie m emem oder mehreren ZTnVvSLnatom des Metalls der Gruppe VIII 

gemeinen Formel (I) vorliegt. 

9 Ein Poiyphosphin der a.lgemeinen Forme. (I), wie in Anspruch 1 def iniert . oder ein Saureadditionssalz 
" davon, mil Ausnahme von 2,6-Bis(diphenylphosphino)pynd.n. 

10 Verwendung eines Katalysatorsystems. wie in Anspruch 1 definiert, beim Carbony.ie.en eines acetyie- 
nisch oder ethylenisch ungesattigten Kohlenwasserstoffs. 
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12. Ein Verfahren, wie in Anspruch 11 beansprucht, in welchem dsa Carbonylierungskatalysatorsystem 

a) eine Palladiumverbindung, 

b) ein Polyphosphin der allgemeinen Formel I, wie in Anspruch 1 definiert, und 

c) eine Protonensaure 
umfa&L 

13. Ein Verfahren, wie in Anspruch 11 Oder 1 2 beansprucht, in weichem Methylmethacryiat durch Umsetzen 
von Propin mit Kohlenmonoxid und Methanol hergestellt wird. 

Patentanspruche furfolgenden Vertragsstaat : ES 

1. Ein Verfahren zur Herstellung eines Katalysatorsystems, welches das Kombinieren 

a) einer Quelle fur ein Metall der Gruppe VIII, und 

b) eines Polyphosphins der allgemeinen Formel 

A 

// \ 

X z 

I II (1) 

c c 
/ \\ / \ 

R - P N P - & 

I I 

R R 



oder eines Saureadditionssalzes davon umfa&t, 

in welcher Formel jedes R unabhangig ausgewahlt istaus einer gege bene nf alls substituierten Alkyl-, Cyo 
loalkyl-, Aryl- oder Heteroarylgruppe; und A, X und Z jeweils unabhangig ausgewahlt sind aus einem Stick- 
stoffatom, einer CH-Gruppe, einer Gruppe der Formel C-PR 2 , wobei R wie oben definiert ist, und einer 
Gruppe der Formel CR\ wobei R' eine Hydroxyl gruppe, eine Aminogruppe, eine Amidogruppe, eine 
Cyanogruppe, eine Acylgruppe, eine Acyloxygruppe, ein Halogenatom, eine gegebenenfalls substituierte 
Kohlenwasserstoffgruppe, eine gegebenenfalls substituierte Heteroarylgruppe oder eine gegebenenfalls 
substituierte Kohlenwasserstoffoxygruppe darstellt, wobei es auch moglich ist, dad zwei benachbarte 
CR'-Gruppen einen Ring bilden. 

2. Ein Verfahren wie in Anspruch 1 beansprucht, in welchem mindestens eine der GruppenX und ZStickstoff 
ist und A eine Gruppe C-PR 2 ist. 

3. Ein Verfahren, wie in Anspruch 1 beansprucht, in welchem jede der Gruppen X, Z und A unabhangig aus- 
gewahlt ist aus einer CH-Gruppe und einer Gruppe der Formel CR'. 

4. Ein Verfahren, wie in einem oder mehreren der Anspruche 1 bis 3 beansprucht, in welchem jede Gruppe 
R* unabhangig ausgewahlt ist aus einem Halogenatom, einer C^-Alkylgruppe und einer C^-Alkoxy- 
gruppe. 

5. Ein Verfahren, wie in einem oder mehreren der Anspruche 1 bis 4 beansprucht, in welchem jede Gruppe 
R unabh§ngig eine gegebenenfalls substituierte Phenylgruppe darstellt 

6. Ein Verfahren, wie in einem oder mehreren der Anspruche 1 bis 5 beansprucht, in welchem die Quelle 
eines Metalls der Gruppe VIII eine Verbindung von Palladium ist. 

7. Ein Verfahren, wie in einem oder mehreren der Anspruche 1 bis 6 beansprucht, in welchem die Anzahl 
von Mol an Polyphosphin der allgemeinen Formel (I) je Grammatom des Metalls der Gruppe VIII im Be- 
reich von 1 bis 50, mehr bevorzugt im Bereich von 2 bis 20, liegt 
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Formel (I) vorliegt. 

c „ n hera estelltgem§RdemVerfahrenvonAnspruch1.odere.n 

*=TLr ihytonkeh ungrilW KM*—*** 

c) eine Protonensaure 
umfa&t. 

20 . * ,h 11 nder 12 beansprucht, in welchem Methylmethacrylat durch Umsetzen 

1 3 Ein Verfahren, wie in Anspruch 11 oder 1 2 beansprucn 

von Propin mit Kohlenmonoxid und Methanol hergestellt w.rd. 

25 Revendications 

Revendications pour .as Etats contractants suivants : BE, DE, FR, OB. It. NL 
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Unsyst6mecatalytique,quicomprend 

a) une source d'un metal du groupe VIII et 

b) une polyphosphine de formule generate : 



A 

// \ 
X Z 



c c 

/ w / \ 



(I) 



p N P - R 



45 



50 



55 



2. 



6ventuellement substitue ; et ^ nonriammenl Dar mi un atome d'azote, un groupe CH, un groupe 

chwd.A.x*z^^jJMj^^^ ormu|e ou R . repr6sente un 

de formule C-PR 2 , ou R est tel que def in. ci-d^ * " 9™J P ^ un groupe acy . 

groupe hydroxyle. un groupe «^«JS^5J SKS2S subsLe, un groupe heteroaryle 
,oxy, un atome d'halogfcie. un groupe ;^^* ventaellementsubst itue, etant possible auss. qua 

sr^d^ 

un groupe C-PR2- 
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3. Un systeme catalytique selon la revendication 1 , dans lequel chacun de X, Z et A est choisi independanv 
ment parmi un groupe CH et un groupe de formule CR\ 

5 4. Un systeme catalytique selon une ou plusieurs quelconques des revendications 1-3, dans lequel chaque 
groupe R' est choisi independamment parmi un atome d'halogEne, un groupe alcoyle en et un groupe 
alcoxy en C^. 

5. Un systeme catalytique selon une ou plusieurs quelconques des revendications 1-4, dans lequel chaque 
10 groupe R independamment repr6sente un groupe phEnyle eventuellement substitue. 

6. Un systeme catalytique selon une ou plusieurs quelconques des revendications 1-5, dans lequel la source 
d'un metal du groupe VIII est un compose du palladium. 
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Un systeme catalytique selon une ou plusieurs quelconques des revendications 1-6, dans lequel le nom- 
bre de moles de polyphosphine de formule g6n6rale (I) par atome-gramme de m6tal du groupe VIII est 
compris entre 1 et 50, de preference entre 2 et 20. 



8. Un syst&me catalytique selon une ou plusieurs quelconques des revendications 1-7, dans lequel un acide 
protonique est present d raison d'une quantite comprise entre 0,5 et 5 Equivalents par Equivalent de po- 

20 lyphosphine de formule generate (I). 

9. Une polyphosphine de formule g£n6rale (I) telle que d6f inie dans la revendication 1 ou un sel d'addition 
d'acide d'un tel compose, & Texception de la 2,6-bis(diph6nylphosphino) pyridine. 

25 1 0. ^utilisation d'un systeme catalytique tel que d6f ini dans la revendication 1 dans la carbonylation d'un hy- 
drocarbure acEtyteniquement ou ethyl6niquement insature. 

11. Un proc6d6 pour la preparation d'un compose oiefiniquement insature en alpha.beta, qui comprend la 
r6action d'un alpha-ac6tyiene avec I'oxyde de carbone et un compost hydroxys en presence d'un sys- 

3^ teme catalytique pour carbonylation tel que defini dans la revendication 1. 

12. Un precede selon la revendication 11, dans lequel le systems catalytique pour carbonylation comprend : 

a) un compose du palladium, 

b) une polyphosphine de formule gen6rale (I), telle que d6finie dans la revendication 1, et 
35 c) un acide protonique. 

1 3. Un proc6d6 selon la revendication 11 ou 1 2, dans lequel on prepare du methacrylate de methyle en faisant 
reagir du propyne avec de I'oxyde de carbone et du methanol. 



Revendications pour I'Etat contractant suivant : ES 

1. Un procede pour la preparation d'un systeme catalytique, selon lequel on combine 

a) une source d'un metal du groupe VIII et 

b) une polyphosphine de formule generate 
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Z to***. ™ oroup. amino. » am(10 ' " TT^teituS .in groupe Mttroaiyte SvenUel- 

groupesu* j H 0 Y*tZestdel'azote.etAestungrou P e 
. unpro^se.onlarevendicat.onl.dans.eque.aumo.nsundeXetZestde. 

C " PR * u Ho y 7 et A est choisi independamment parmi 

Un precede se.on ,a revocation 1 dans.eque. cnacun de X, Z et A 
ungroupeCHetungroupedeformuleCR. 

i ss=sss=— — — 1 

1 et 50 de preference entre 2 et 20. ^ 
formule generate (I). ^. ^ 

5 KSSSfSSi- • •* - iS,i " le da " 8 ' 1 ' * 
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